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The aminoalkoxide complexes Sr(amak)2 (1) and Ba(amak)2 (2) were prepared by treatment of a multiply-chelating
ﬂuorinated aminoalcohol ligand HOC(CF3)2CH2N(CH2CH2OMe)2, (amak)H, with the Group 2 metal reagents
Sr(OPri)2 and BaH2 respectively. Single crystal X-ray diﬀraction studies indicate that complex 1 possesses an
8-coordinate distorted bicapped octahedral geometry with all O and N atoms coordinated to the central Sr
cation. However, complex 2 adopts a unique 10-coordinate bicapped square antiprismatic structure, of which
the coordination number is increased by two ﬂuorine-to-barium dative interactions. Variable temperature
19F NMR studies show the existence of two inter-convertible isomers in solution and their possible molecular
structures are proposed according to their structures in the solid-state. Preliminary investigation suggests that
these complexes are good CVD source reagents for depositing SrF2 and BaF2 thin ﬁlms.
There has been a growing interest in the use of Group 2
chemical vapor deposition (CVD) precursors for the prep-
aration of a variety of metal oxide 1 or metal ﬂuoride thin
ﬁlms,2 the latter having potential application for manufacturing
optical wave-guides or solid-state laser devices.3 Enhanced
volatility and high thermal stability are the two most essential
requirements for the better performance of such CVD pre-
cursors. As the fully saturated environment is expected to
exhibit enhanced volatility by minimizing intermolecular
attraction in the condensed phase,4 the challenge in ﬁnding new
source reagents is thus centered on how to achieve coordin-
atively saturated metal centers. On the contrary, when the
ligands of the complexes cannot provide a suﬃcient number
of donor atoms, formation of multimetallic structures is
expected; this situation has been demonstrated by the isolation
of β-diketonate 5 or alkoxide 6 complexes such as [Sr3(thd)6]
(thd = 2,2,6,6-tetramethylheptane-3,5-dionate), [Sr3(thd)6-
(Hthd)], [Ba(hfac)2(H2O)]n (hfac = 1,1,1,5,5,5-hexaﬂuoro-
pentane-2,4-dionate), [Ba4(thd)8], [Ba(O
tBu)2(HO
tBu)]4, [H4-
Ba6(µ6-O)(OC2H4OMe)14] and [Ba5(µ5-OH){OCH(CF3)2}9-
(THF)4(H2O)]. Most of these complexes are found to be
thermally unstable or require a higher temperature for evapor-
ation, making them less suitable for CVD experiments.
One successful method of achieving monomeric structures
is to introduce a neutral ancillary ligand possessing a suﬃcient
number of donor sites. For example, crown ether, glyme,
ethanolamine and polyamine based chelate molecules have
been utilized for stabilizing monomeric structures.7 Some
representative examples involving volatile Group 2 metals
include: Mg(thd)2(tmeda) (tmeda = tetramethylethylene-
diamine), Sr(thd)2(triglyme), Ba(hfac)2(18-crown-6) and Ba-
(hfac)2(hmteta) (hmteta = hexamethyltriethylenetetraamine).8
A second approach is to incorporate a chelating or a donor
functionalized feature into the anionic ligand, so that it could
satisfy the multiple coordination requirement of larger cations.9
This strategy has allowed the isolation of several volatile Group
2 metal complexes with oligoether substituted alcoholate
ligands,10 or β-ketoiminate ligands involving a polyether
appendage.11 The enhancement of volatility was attributed
to a tendency of the polyether side chain to bind to the same
metal atom in order to favor intramolecular chelation over
intermolecular bonding.
In this paper, we wish to report the synthesis of two new
monomeric Group 2 aminoalkoxide complexes Sr(amak)2 (1)
and Ba(amak)2 (2), (amak)H = HOC(CF3)2CH2N(CH2CH2-
OMe)2. It is notable that the (amak)H ligand not only possesses
an acidic hydroxyl group due to the presence of two electron-
withdrawing CF3 groups, but also contains three additional
donor atoms on the side chains that can provide desirable
chelate interactions, forming a fully saturated coordination
environment around the metal cation. Moreover, as the eﬀective
ionic radius of strontium (1.40 Å for coordination number = 8)
diﬀers greatly from that of barium (1.66 Å for coordination
number = 10),12 the structural identiﬁcation of these two metal
complexes would allow us to assess the bonding mode of
ligands vs. the ionic radius of metal cations. Preliminary
experiments were also carried out to evaluate their potential to
serve as CVD source reagents for depositing SrF2 and BaF2 thin
ﬁlms, as these aminoalkoxide complexes were reasonably
volatile.
Experimental
General information and materials
Mass spectra were obtained on a JEOL SX-102A instrument
operating in electron impact (EI) mode. 1H, 13C and 19F NMR
spectra were recorded on Varian Mercury-400 or INOVA-500
instruments; chemical shifts are quoted with respect to internal
standard tetramethylsilane for 1H and 13C NMR and CFCl3 for
19F NMR data. BaH2 and Sr(OPr
i)2 were purchased from Strem
Chemicals and used as received. All reactions were performed
under a nitrogen atmosphere using deoxygenated solvents dried
with an appropriate reagent. Elemental analyses were carried
out at the NSC Regional Instrumentation Center at National
Cheng Kung University, Tainan, Taiwan.
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Synthesis of (amak)H
To a reaction ﬂask equipped with a dry ice condenser,
anhydrous hexaﬂuoroacetone (13.3 g, 0.08 mol) was slowly
added into a diethyl ether solution of diazomethane (3.4 g, 0.08
mol) prepared from Diazald®. The reaction mixture was then
stirred for three hours to allow complete formation of the
oxirane compound (CF3)2COCH2. Then 11.7 g (0.088 mol) of
bis(2-methoxyethyl)amine was added dropwise over a period
of 15 minutes and the reaction mixture was stirred at room
temperature overnight. Finally, the reaction was quenched by
the addition of water and washed with a saturated NaHCO3
solution (2 × 20 mL) to remove excess amine. The organic layer
was dried over anhydrous MgSO4, the diethyl ether evaporated
in vacuo and the resultant oily liquid puriﬁed by vacuum
distillation, giving 13.3 g (53%) of colorless liquid with bp 60 C
at 1.2 Torr. Selected spectral data: 1H NMR (400 MHz, CDCl3,
295 K): δ 6.54 (s, br, 1H, OH), 3.42 (t, 3JHH = 5.1 Hz, 4H,
OCH2), 3.30 (s, 6H, OMe), 3.16 (s, 2H, CH2), 2.88 (t, 
3JHH = 5.1
Hz, 4H, NCH2). 
13C NMR (100 MHz, CDCl3, 295 K): δ 123.5
(q, 1JCF = 286.7 Hz, CF3), 73.2 (sept, 2JCF = 28.1 Hz, C(CF3)2),
70.0 (OCH2), 58.7 (OMe), 54.5 (CH2), 53.5 (NCH2). 
19F NMR
(470 MHz, CDCl3, 295 K): δ 77.6 (6F).
Reaction of (amak)H with Sr(OPri)2
Strontium isopropoxide (0.512 g, 2.49 mmol) in THF (15 mL)
was taken in a 100 mL ﬂask equipped with a condenser. To this
was added 1.56 g of (amak)H (4.98 mmol). Then 30 mL of
THF was added and the solution was brought to reﬂux for
40 hours. The solution was ﬁltered to remove any insoluble
impurities and the ﬁltrate evaporated to dryness, giving a white
crystalline powder. Finally, the product was puriﬁed by
recrystallization from dichloromethane–heptane, giving 1.3 g
of Sr(amak)2 (1, 1.73 mmol, 75%) as colorless crystalline
material, mp = 196 C. Spectral data of 1: MS (EI, 70 eV, m/e,
L = C10H16F6NO3), observed (actual) {relative abundance}
[assignment]: 818 (819) {4.2} [SrL2  SrF], 712 (712)
{1.0} [SrL2], 566 (565) {17.2} [SrL2  C7H16O2N], 400 (400)
{42.7} [SrL], 330 (331) {37.8} {[SrL  CF3], 268 (268) {6.9}
[L  C2H5O], 146 (146) {100} [C7H16O2N], 107 (107) {7.2}
[SrF]. 1H NMR (400 MHz, C6D6): δ 3.49 (s, 6H, OMe), 3.22 (br,
m, 4H, OCH2), 2.93 (s, 2H, CH2), 2.44 (br, m, 4H, NCH2). 
13C
NMR (100 MHz, C6D6): δ 127.2 (q, 
1JCF = 291.0 Hz, CF3), 82.7
(sept, 2JCF = 25.2 Hz, (CF3)2C), 69.1 (OCH3), 59.1 (OCH2), 56.8
(CH2), 54.4 (NCH2). 
19F NMR (470 MHz, CD2Cl2, 295 K):
δ 79.2 (6F); 19F NMR (470 MHz, CD2Cl2, 193 K): δ 78.8
(broad), 79.5 (broad). Anal. Calcd for C20H32F12N2O6Sr: C,
33.73; H, 4.53; N, 3.93. Found: C, 33.75; H, 4.69; N, 3.93%.
Reaction of (amak)H with BaH2
Barium hydride (0.49 g, 3.53 mmol) was taken in a 100 mL ﬂask
equipped with a condenser. To this was added dropwise 2.1 g of
(amak)H (6.43 mmol). The resulting mixture was ﬁrst stirred at
40 C for 4 hours until evolution of gas stopped. Then 50 mL of
THF was added and the solution was brought to reﬂux for 12
hours. The excess of BaH2 was removed by ﬁltration and the
ﬁltrate evaporated to dryness, giving a light yellow powder.
Finally, the product was puriﬁed by recrystallization from hot
toluene, giving 2.15 g of Ba(amak)2 (2, 2.82 mmol, 84%) as
colorless crystalline material, mp = 155 C. Spectral data of 2:
MS (EI, 70 eV, m/e, L = C10H16F6NO3), observed (actual)
{relative abundance} [assignment]: 918 (919) {2.3} [BaL2 
BaF], 762 (762) {1.1} [BaL2], 615 (616) {11.9} [BaL2 
C7H16O2N], 450 (450) {61.3} [BaL], 380 (381) {23.2}
[BaL  CF3], 314 (313) {2.9} [HL], 268 (268) {53.2}
[L  C2H5O], 157 (157) {7.1} [BaF], 146 (146) {100}
[C7H16O2N]. 
1H NMR (400 MHz, CD3CN): δ 3.65 (t, 4H,
3JHH = 4.9 Hz, OCH2), 3.51 (s, 6H, OMe), 2.80 (s, 2H, CH2),
2.77 (t, 4H, 3JHH = 4.9 Hz, NCH2). 13C NMR (100 MHz,
CD3CN): δ 126.9 (q, 
1JCF = 293.0 Hz, CF3), 82.4 (sept,
2JCF = 25.0 Hz, (CF3)2C), 69.7 (OCH2), 58.4 (OCH3), 56.7
(CH2), 54.6 (NCH2). 
19F NMR (470 MHz, CD2Cl2, 295 K):
δ 78.9 (6F); 19F NMR (470 MHz, CD2Cl2, 193 K): δ 78.2
(very broad), 79.2 (broad). Anal. Calcd for C20H32F12N2O6Ba:
C, 31.53; H, 4.23; N, 3.68. Found: C, 31.51; H, 4.46; N,
3.52%.
CVD experiments
The thermal CVD reactions were carried out using a horizontal
hot-wall reactor, consisting of a Pyrex tube of 25 mm internal
diameter, placed within an electric temperature-controlled tube
furnace. The precursors were loaded in a glass container, which
served as precursor reservoir and attached at the far end of the
Pyrex tube. The temperature of the sample reservoir was
adjusted to 180–200 C. The carrier gas was introduced through
the sidearm of the container, which became saturated with the
vapor of the source reagent and then entered the hot zone,
where deposition took place. The ﬂow rate of the carrier gas
was typically adjusted to ≈30 mL min1. The deposition tem-
perature was kept at 300–400 C, and the deposition time set
typically between 20 and 40 min. The Si substrates were cleaned
using dilute HF solution, then washed with de-ionized water
and acetone.
X-Ray crystallography
X-Ray diﬀraction data of complex 1 was measured on a Bruker
SMART CCD diﬀractometer using λ(Mo-Kα) radiation
(0.7107 Å). The crystallographic data were collected over a
hemisphere of reciprocal space, by a combination of three sets
of exposures. Each set had a diﬀerent φ angle for the crystal
and each exposure of 10 seconds covered 0.30 in ω. The data
collection was executed using the SMART program.13 An
empirical absorption was based on symmetry-equivalent
reﬂections and applied to the data using the SADABS
program.13 The structure was solved using the SHELXTL-97
program.13 For complex 2, the crystallographic data were
collected on a Nonius CAD-4 diﬀractometer. Initial lattice
parameters were determined from 25 accurately centered
reﬂections with 2θ values in the range 18.86 to 30.22. Reﬂec-
tion data were collected using the θ/2θ scan mode. The θ scan
angle was then determined for each reﬂection according to
the expression 0.65  0.35tanθ. A semi-empirical absorption
correction from psi-scans was applied.
Finally, anisotropic thermal parameters were used for all
non-hydrogen atoms, while the hydrogen atoms were given
ﬁxed isotropic displacement parameters. The crystallographic
reﬁnement parameters of complexes 1 and 2 are summarized in
Table 1.
CCDC reference numbers 163031 and 163032.
Table 1 X-Ray structural data for complexes 1 and 2
 1 2
Formula C22H36Cl4F12N2O6Sr C20H32BaF12N2O6
M 881.95 761.82
T /K 150 295
Crystal system Monoclinic Monoclinic
Space group P21/n P21/n
a/Å 9.2804(2) 10.048(3)
b/Å 11.4196(3) 14.977(3)
c/Å 16.8509(4) 21.031(4)
β/ 104.152(1) 94.48(3)
V/Å3 1731.63(7) 3005.4(12)
Z 2 4
Dc/g cm
3 1.691 1.684
µ(Mo-Kα)/mm1 1.968 1.431 
No. of data in reﬁnement 3934 5288
No. of parameters 215 371
R1, wR2 with I > 2σ(I ) 0.034, 0.073 0.029, 0.072
J. Chem. Soc., Dalton Trans., 2001, 2462–2466 2463
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See http://www.rsc.org/suppdata/dt/b1/b103310g/ for crystal-
lographic data in CIF or other electronic format.
Results and discussion
The ﬂuorinated aminoalcohol ligand (amak)H was prepared
in good yield by direct treatment of the amine HN(CH2-
CH2OMe)2 and the ﬂuorinated oxirane (CF3)2COCH2 in diethyl
ether solution, the latter is generated in-situ from hexaﬂuoro-
acetone and diazomethane etherate at ambient temperature.14
This aminoalcohol (amak)H is the ﬁrst ﬂuorinated alcoholate
ligand with a donor-functionalized side chain,6,9 where its
parent ﬂuoroalkoxide ligands formed stable metal complexes
with approximate formula [Ba(ORF)2], RF = CH(CF3)2 and
CMe(CF3)2, but their crystal structures were not determined.
15
On the contrary, the related aminoalkoxide ligands have
recently been applied to synthesize the volatile Cu() complexes
[Cu{OC(CF3)2CH2NHR}2], R = Me, CH2CH2OMe, Bui, for
generation of copper metal thin ﬁlms using chemical vapor
deposition.16
As indicated in Scheme 1, synthesis of the strontium amino-
alkoxide complex Sr(amak)2 (1) was achieved by treatment of
the isopropoxide complex Sr(OPri)2. The related barium
complex Ba(amak)2 (2, 84%) was prepared using BaH2 as
the source reagent. Both complexes are found to be sparingly
soluble in non-polar hydrocarbons such as hexane and cold
toluene but are much more soluble in solvents such as CHCl3,
CH2Cl2 and THF. Finally, as both alkoxide complexes are
found to be moderately sensitive to moisture upon exposure to
air, storage under an inert atmosphere is needed.
The identity of these two complexes was initially revealed by
EI mass analysis, of which the parent molecular ions M, along
with the fragmentation ions were clearly observed, showing
formation of the expected molecular formula. A subsequent
single crystal X-ray diﬀraction study indicates that complex 1
contains one monomeric metal entity and two uncoordinated
CH2Cl2 solvates in the asymmetric unit. The strontium atom is
situated on a crystallographic center of inversion and bonded
to all four heteroatoms of the amak ligand, giving a tetra-
dentate chelate interaction encircling the central metal atom
(Fig. 1). The Sr–O(3) distance (2.436(2) Å) is found to be much
shorter than the respective Sr–O(ether) dative interactions,
Sr–O(1) (2.605(2)) and Sr–O(2) (2.671(2) Å), which shows the
presence of the stronger bonding interaction between the Sr2
cation and the (1) negatively charged O(3) atom. As these six
oxygen donor atoms constitute a slightly distorted octahedral
skeletal arrangement, the immediate coordination geometry
of 1 is best described as bicapped octahedron, where the two
capping atoms are the N(1) and N(1A) atoms, located at the
Scheme 1
center of the triangular faces deﬁned by the O(1), O(2) and O(3)
and the O(1A), O(2A) and O(3A) atoms. Moreover, the Sr–
N(1) distance of 2.933(2) Å is found to be much longer with
respect to the Sr–O(ether) distances discussed earlier (2.605(2)–
2.671(2) Å). Since this diﬀerence in bond distance (≈ 0.3 Å) is
greater than the diﬀerence between the radius of the nitrogen
and oxygen atom (0.02–0.05 Å), our observation clearly
indicates that lengthening of the Sr–N distance is not due to the
larger radius of the nitrogen atom, but due to the unfavorable
angle strain imposed by three adjacent C–C–N linkages which
prevents the nitrogen donor atom from getting too close to the
central strontium cation.
In contrast, the barium complex 2 shows a 10-coordinate
environment, of which the donor ligands consist of all available
oxygen and nitrogen atoms and most importantly, two add-
itional ﬂuorine-to-barium contacts from the triﬂuoromethyl
groups of the aminoalkoxide ligands (Fig. 2). Formation of
Ba    F dative interactions with distances 2.87–3.29 Å have
been cited in many literature reports.17 Such Ba    F contacts
are observed in complex 2 with Ba–F(1) = 3.212(3) Å and
Ba–F(7) = 3.132(2) Å, both non-bonding distances of which are
much shorter than the shortest Sr    F distance observed in
complex 1 (Sr    F(6) = 4.218 Å) or the sum of the ﬂuorine van
der Waals’ radius (1.5 Å) and the ionic radius of barium (1.66
Å).5a As a result, the coordination environment is best con-
sidered as a distorted bicapped square antiprism, resembling
that observed in some other 10-coordinate barium complexes.18
Fig. 1 ORTEP 13 drawing of 1 with thermal ellipsoids shown at the
50% probability level. Selected bond lengths (Å): Sr–O(1) = 2.605(2),
Sr–O(2) = 2.671(2), Sr–O(3) = 2.436(2) and Sr–N(1) = 2.933(2).
Fig. 2 ORTEP 13 drawing of 2 with thermal ellipsoids shown at the
30% probability level. Selected bond lengths (Å): Ba–O(1) = 2.562(2),
Ba–O(2) = 2.878(3), Ba–O(3) = 2.862(3), Ba–O(4) = 2.558(2), Ba–O(5) =
2.820(3), Ba–O(6) = 2.832(3), Ba–N(1) = 3.003(3), Ba–N(2) = 3.080(3),
Ba–F(1) = 3.212(3) and Ba–F(7) = 3.132(2). Bond angle (): N(1)–Ba–
N(2) = 169.50(8).
2464 J. Chem. Soc., Dalton Trans., 2001, 2462–2466
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The unique capping atoms in 2 are the nitrogen atoms N(1) and
N(2), while the two square faces of the antiprism are deﬁned by
the atoms O(1), O(3), O(2) and F(1) and by the atoms O(4),
O(6), O(5) and F(7) respectively. In addition, the alkoxy termini
of 2 are arranged in a bent position with an angle O(1)–Ba–
O(4) = 124.4. This geometry is in sharp contrast to that of
complex 1, in which the alkoxy termini are located at the trans
positions of the bicapped octahedral geometry.
The 1H and 13C NMR spectra at room temperature have been
measured and all data are consistent with the proposed molec-
ular structures. The variable temperature 19F NMR studies were
next examined, and of particular interest is the 19F NMR spec-
trum of the barium complex 2, which showed one sharp signal
at δ 78.9 at 295 K in CD2Cl2 solution. This signal begins to
broaden upon lowering the temperature to 213 K, and splits
into two very broad signals centered at δ 78.2 and 79.2 at
193 K. The 1H NMR spectrum recorded at this temperature is
not well resolved, but it is basically consistent with the 19F
NMR data. Moreover, a similar ﬂuxional behavior is observed
for the strontium complex 1, showing only one sharp 19F NMR
signal at δ 79.2 in CD2Cl2 at 295 K, and a broad peak upon
lowering to 233 K which further turned into two sharp 19F
NMR signals at δ 78.8 and 79.5 with an approximate ratio
of 1 : 4 at 193 K (Fig. 3). The large diﬀerence in the signal
intensities indicated that they were not derived from the non-
equivalent CF3 groups of the ligands in one single complex;
therefore, the co-existence of two inter-convertible isomers was
proposed.
Based on these VT 19F NMR experiments and the X-ray crys-
tal structure established, the observed temperature-dependent
behavior may be interpreted as a cis-to-trans isomerization of
the coordinated aminoalkoxide ligands, giving co-existence of
both cis- and trans-isomers of the bicapped octahedral complex
1 and the bicapped square antiprismatic complex 2, which are
labeled as the 1 and 1 pair and the 2 and 2 pair in Scheme 2.
This hypothesis is valid only if we assume that both complexes
retain their monomeric nature and that the coordination
number of each metal complex is preserved in solution, i.e. 8-
coordination for 1 and 10-coordination for 2, respectively.
However, if we arbitrarily assume that the 10-coordinate cis-
geometry is associated with the simultaneous presence of the
M    F dative interactions, this would eliminate the existence
of the 8-coordinate cis-isomer 1 as well as the 10-coordinate
trans-isomer 2, because the corresponding structures have not
been detected by the X-ray structural analysis of 1 and 2. If this
is the case, the ﬂuxional behavior in solution is best explained
as a rapid exchange between the pairs of isomers derived from
the bicapped octahedral and the bicapped square antiprismatic
Fig. 3 VT 19F NMR spectra of 1 in CD2Cl2 solution; the signal
marked with an asterisk is due to a small amount of free aminoalcohol.
geometry, i.e. the 1 and 1 pair and the 2 and 2 pair,
respectively.
Although we cannot rule out either possibility based on the
present 19F NMR evidence, it is important to note that the
coordinated CF3 group of the amak ligands in the 10-
coordinate barium complex 2 would exhibit a fast threefold
rotation about its C–CF3 axis. This rotational motion must be
accompanied by a concurrent breaking and reforming of the
M    F dative interactions as well as rapid interchange between
the coordinated and the non-coordinated CF3 substituents, as
only one 19F NMR signal was observed at room temperature,
irrespective of the presence of two chemically distinctive CF3
substituents in the solid-state. The ﬂuxionality is independent
of the polarity of the solvent system and this is revealed by the
result that addition of excess THF to the non-polar CD2Cl2
solution causes no change in the VT 19F NMR spectral pattern.
Moreover, for both complexes 1 and 2, a relatively weak
signal at δ 77.6 was clearly observed in the 19F NMR spectra
recorded at lower temperatures. This signal cannot be removed
by any means and has been assigned to the dissociated amino-
alcohol ligand (amak)H, which may be produced from
inadvertent hydrolysis during preparation of the NMR
samples. Interestingly, this signal disappeared upon raising the
temperature to 295 K, implying that a rapid intermolecular
exchange with the ligated aminoalkoxide may be occurring
under these conditions.
After completing the spectroscopic identiﬁcation, the phys-
ical properties important to CVD studies were established. It
showed that both complexes underwent sublimation without
notable decomposition at 150 C under a pressure of 200 mTorr
overnight, as samples obtained before and after sublimation
exhibited identical spectroscopic and physical characteristics.
The thermal behaviors were also investigated by TG analysis
under O2 at 1 atm and a rapid loss of weight was observed at
about 220 C due to a combination of sample sublimation and
decomposition, giving an oﬀ-white residue upon increasing the
temperature to 500 C (1: 14.6 wt%, 2: 30.8 wt%). Powder XRD
analysis conﬁrmed that these solid residues contain mainly
polycrystalline metal ﬂuorides SrF2 and BaF2, giving a ﬁrst
indication that these complexes were suitable CVD precursors.
Preliminary experiments were carried out to probe the
possibility of depositing ﬂuoride thin ﬁlms from aminoalkoxide
complexes 1 and 2; most of the previous reports utilized
the ﬂuorinated β-diketonate complexes as the CVD source
reagents.2,19 Our data indicated that the BaF2 thin ﬁlm can be
deposited on both Pyrex glass and Si(100) substrate at 350 C,
Scheme 2
J. Chem. Soc., Dalton Trans., 2001, 2462–2466 2465
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using 2 as source reagent under a carrier gas of Ar. The XRD
measurement showed formation of a polycrystalline texture on
the Pyrex glass substrate, giving a preferential orientation along
the (200) planes on the Si(100) surface (Fig. 4). The formation
of such highly ordered thin ﬁlms is not uncommon as it
has been observed in CVD experiments using the Ba(hfac)2-
(tetraglyme) adduct (hfac = 1,1,1,5,5,5-hexaﬂuoropentane-2,4-
dionate).20 Upon switching to complex 1, SrF2 thin ﬁlms with a
preferred (220) orientation on a Si(100) surface was obtained
using a 1 : 1 mixture of Ar and O2 as carrier gas.
In summary, our results show that the designed synthesis of
alkaline-earth metal ﬂuoroalkoxide complexes has been
achieved, for which the bonding mode of the ﬂuoroalkoxide
ligands in the solid state is determined by the nature of the
central metal cation. All O and N donor atoms on the side
chain are coordinated to the metal cation and in the case of the
barium complex 2 two additional ﬂuorine contacts are clearly
observed. The weak basicity of the alkoxide oxygen and the
coordinative unsaturation of the larger barium center make
these ﬂuorine dative contacts energetically favorable. Moreover,
of particular interest is the formation of two rapidly inter-
convertible isomers in solution, which may be attributed to the
intramolecular cis–trans isomerization or the transformation
between the 8-coordinate bicapped octahedral and the 10-
coordinate bicapped square antiprismatic geometry. The
relatively high volatility of these two complexes makes them
optimum CVD source reagents for growing ﬂuoride thin-ﬁlms.
Accordingly, preservation of a certain degree of intramolecular
M    F dative bonding is possible during precursor evap-
oration and vapor transport, which in turn can be used to
account for the rapid formation of the metal ﬂuorides.
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